Abstract
palmprint based on kernel principal component analysis (K-PCA). Wu et al extract line vector features (LVF) based on gradien magnitudo and orientation points on the palm lines. Kumar et al detect the palm lines in special direction and the feature are devided into sub blocks and the feature is obtained by computing the standard deviation of each block. We also tried some methods to extract the palmprint features, such as: wavelet [10] , fractal dimension and fractal code [11] , [12] . This paper apply Gabor 2D filter to obtain the palmprint features or palmcode
Research Method 2.1 Hand image Acquisition
All of palm images are captured using Sony DSC P72 digital camera with resolution of 640x480 pixels. Each person was requested to put his/her left hand palm down on with a black background (five samples for each person). There are some pegs on the board to control the hand oriented, translation, and stretching as shown in Figure 1 . 
Segmentation of Palmprint ROI
Segmentation of palmprint ROI is one of important factor for recognition performance. This paper proposed new technique to extract the ROI is called two steps in moment central method. The steps of the method can be explained as follow: a. The gray level hand image is threshold to obtain the binary hand image. The threshold value is computed automatically using the Otsu method. To avoid the white pixels (not pixel object) outside of the hand object is used median filter. b. Each of the acquired hand images needs to be aligned in a preferred direction so as to capture the same features for matching. The moment orientation method is applied to the binary image to estimate the orientation of the hand. In the method, the angle of rotation ( θ ) is the difference between normal axis and major axis of ellipse that can be computed as follows. 
Where N represent number of pixel object. Furthermore, the grayscale and the binary image are rotated about ( θ ) degree. c. Bounding box operation is applied to the rotated binary image to get the smallest rectangle which contains the binary hand image. The original hand image, binarized image, and the bounded image shown in Figure 2 
Palmprint Normalization
The normalization process is needed to reduce the possible imperfections in the palmprint image due to non-uniform illumination. The normalization method employed in this research as follow: 
Palmprint Feature Extraction
Palmprint features are obtained by using 2D Gabor filter. The filters can be produced using the equation below:
where,
, u is frequency of the sinusoidal wave. θ is control of the orientation of Gabor function. σ is standard deviation of the envelope Gaussian. y x, is coordinates of Gabor filters.
The normalized Gabor filters can be obtained by using the following equation. 
With is the size of the Gabor filter. In fact, the imaginary part of Gabor filter automatically has zero DC because of odd size filters. It should be noted that the success of Gabor filter depend on parameters selection for these filters. The equation (6) and (7) will produce variously of Gabor filter that consist of real and imaginary parts. The parameters value of u , ,σ θ and filter size will impact of performance of Gabor filter. This research used the Gabor filter size: 9x9, 17x17 and 35x35, with value of θ are -45°, 0°, 45° and 90°, while value of u and σ were appropriated with filter size.
Real and imaginary part of normalized Gabor filters are convoluted to the normalized palmprint images and produces real and imaginary characteristic features with equal size to the original palmprint size.
Generating Palmcode
Palmcode is binary and unique codes that obtained from real and imaginary features of palmprint. Palmcode can be generated by using the rules below:
Where, I represent normalized palmprint image and * is convolution operator. 
Palmcode Matching
Palmcode matching aimed to obtain similarity degree between two palmcode. The similarity degree is noted as score. This paper used normalized Hamming distance. The distance of two palmcode P and Q can be computed as follows: D is between 0 and 1. The score will be closed to 0 if two palmcodes come from the similar palmprint, otherwise, the score will be far from 0. One of palmcode can be translated in both vertical and horizontal direction with one or more pixels to minimize the impact of imperfectness at image preprocessing or acquisition phase. The minimum score from the translated palmcode matching process is selected as score of matching. Threshold value (T) is used to decide the tested palmcode is genuine or impostor. If the score less than or equal with T then the tested palmcode is noted as authorized, otherwise the palmcode is noted as not authorized.
Results and Analysis
Those methods have been applied for palmprint identification system. The system is tested using database of 1000 palmprint images, are generated from 5 samples from each of the 200 persons randomly selected. The first three images from each user were used for training and the rest were used for testing, so the total number of testing and training image are 400 and 600 respectively. The performance of the identification system is obtained by matching each of testing palmprint images with all of the training palmprint images in the database. A matching is noted as a correct matching if the two palmprint images are from the same palm and as incorrect if otherwise. This paper used FAR (false acceptance rate), FRR (false rejection rate), system accuracy, genuine and imposter score distribution graphics, and receiver operation curve (ROC) as indicators of the performance system.
The genuine and imposter scores are obtained from the matching scores of same person and different person respectively. There were not zero scores that produced from the matching process that means all palmprint samples that are used in this experiment are different.
This The column A and B represent system accuracy rate (in %) without or with 1 pixel translation. Table 1 and Table 2 show that the filter size 9x9 produced the lowest accuracy rate than 17x17 and 35x35 and translation factor 1 pixel produced better accuracy rate than without translation factor. The 1 pixel translation factor can minimized the impact of imperfectness in ROI segmentation. Figure 6 and 7 show distribution scores of genuine and impostor at database with size N=200 for ROI 64x64, by using filter size 17x17 and 35x35, orientation -45 o and translation factor 1 pixel. The axis in those figures represents scores value and y axis represent percentages of appropriate score appear. If overlapping part of both graphics increase then performance of the system will be decrease, and vice versa. The receiver operation curve (ROC) of Figure 6 and 7 are shown in Figure 8 and 9 respectively. The axis of ROC represents threshold value (T), while y axis represents percentages of FRR and FAR. Cross point of FAR and FRR curves produce EER (equal error rate) value. The system produced FAR=FRR=EER=0.9167 with appropriate T=0.3983 (as shown in Figure 8) , and produced FAR=FRR=EER=2.1707 with appropriate T=0.1860 (as shown in Figure 9 ). FAR and FRR system depend on selecting of threshold value. Increasing FAR and FRR system will decrease performance of system, and vice versa. FAR and FRR will be increase If overlapping part of genuine and imposter scores distribution increases.
Distribution scores and ROC graphics of filter size 9x9 are not shown in this paper is based on consideration its performances is lower than others filter size, and also distribution scores and ROC of the system without translation factor is lower than with 1 pixel translation factor so their graphics is hidden. Figure 10 . Genuine and imposter score distribution with filter 17x17, orientation -45°, ROI 128x128 Pixel, 1 Pixel translation, and N=200 Figure 11 . Genuine and imposter score distribution with filter 35x35, orientation -45°, ROI 128x128 Pixel, 1 Pixel translation, and N=200 Figure 10 and 11 show distribution scores of genuine and impostor on database size N=200 for ROI 128x128, by using filter size 17x17 and 35x35, orientation -45 o and translation factor 1 pixel, while its ROC curves are shown in Figure 12 and 13 respectively. Increasing the overlapping part of score distribution (as shown in Figure 10 and 11) will increase the FAR, FRR and EER value (as shown in Figure 12 and 13). System testing using various database sizes is shown in Table 3 and 4, while its graphics are shown in Figure 14 . Table 3 show that by using ROI 64x64, performance of the system that obtained by using filter size 17x17 is better than filter size 35x35 relatively, while in table 4 show vice versa, by using ROI 128x128, filter size 35x35 is better than filter size 17x17 relatively. The best performance of both ROI achieve 98.7% by using filter size 17x17 on ROI 64x64, and filter size 35x35 on ROI 128x128, and both of them used 1 pixel translation factor. Figure 14 is made based on data in Tables 3 and 4 . The Figure show , both ROI 64x64 and 128x128, the performance (accuracy) of the system is relatively stable although size of database increased. This is good information to apply the palmcode on large scale database. Time complexity on Table 5 is obtain by using Pentium III Intel 733 MHz, 512 MB RAM.
Conclusion
The proposed two steps in central moments method for ROI of palmprint extraction and the applied of Gabor filter for palmcode generation produced high performance for palmprint identification system with accuracy rate reached 98,7% or FAR=0.111% and FRR=1.167%. The appropriate parameters value to obtain the above performance are: 17x17 in filter size on ROI size 64x64 pixel, and 35x35 in filter size on ROI 128x128, and both of them used θ =45° and 1 pixel translation factor. The experiment result also show that the performance of this system relatively stable although the database size increased.
